INTRODUCTION
Currently, biologic agents are widely used in the management of inflammatory bowel disease (IBD), which includes ulcerative colitis (UC) and Crohn's disease (CD) (1) (2) (3) . In Japan, 2 anti-tumor necrosis factor (TNF)-a agents, infliximab and adalimumab, are available for the treatment of patients with IBD in therapeutic settings. Another anti-TNF-a, golimumab, has recently been approved for the treatment of UC together with an interleukin-12/ interleukin-23 antagonist, ustekinumab, for patients with CD. The published literature shows that anti-TNF-a biologics such as infliximab and adalimumab have shown significant efficacy in patients with moderate to severe UC and CD (1) (2) (3) . Nonetheless, the increased use of biologics with strong immunosuppressive effects has raised concerns regarding the risk of opportunistic infection and malignancy (4, 5) .
Even in the era of biologic therapy, a proportion of patients with IBD receiving biologics require surgical interventions for active disease, which has become refractory to medications (6, 7) .
The risk of postoperative infectious complications in patients receiving biologics with immunosuppressive function before surgery may be high. Recently, multiple studies (8) (9) (10) (11) (12) (13) (14) have evaluated the impact of preoperative biologic therapy on the incidence of complications after surgery for IBD, but the findings of these studies are not consistent. A systematic review has found that preoperative anti-TNF-a therapy modestly increases the risk of complications after intestinal surgery for either UC or CD (15) . However, it would appear that the conclusions of some previous studies are compromised by methodological limitations. For example, postoperative complications (primary end point of the studies) were not accurately evaluated because a standard protocol for assessing different complications such as infectious and noninfectious complications or major and minor events was not followed. Furthermore, the effect of multiple confounding factors such as preoperative nutritional status and use of corticosteroids was not fully factored into the assessments.
Malnutrition is a well-known risk factor for poor postoperative outcomes in patients undergoing major gastrointestinal surgery (16) (17) (18) (19) (20) (21) . Poor nutrition negatively influences humoral and cellular immune responses, postoperative physical recovery, and wound healing due to impaired neutrophil chemotactic and bactericidal activities and diminished bacterial clearance (22) . In patients with IBD, it is appropriate to look at the relationship between malnutrition, patients' immune profile, and how this may predispose to postoperative infectious complications. In fact, after the introduction of biologic agents for the management of IBD, most studies identifying predictive factors for postoperative complications have focused on the possible deleterious effects of biologic therapy, but few studies assessed the impact of preoperative nutritional status. With this background in mind, this case-control study was undertaken to assess the impact of nutritional status on postoperative surgical complications in patients with IBD with vs without preoperative biologic therapy. Notably, the effect of preoperative nutritional status was evaluated in patients with and without exposure to biologic therapy.
METHODS

Study design and ethical considerations
This was a single-center, case-control study of a prospectively maintained surgical database at the Yokkaichi Hazu Medical Center, a referral center treating a large number of patients with IBD in Japan. Medical and surgical interventions used in all patients included in this study were approved as standard therapy for IBD in Japan. Nonetheless, before initiating this investigation, our study protocol was reviewed and approved by the institutional review board at our institution.
Patient selection
Seventy patients who had been exposed to biologic agents (infliximab, adalimumab, golimumab, or ustekinumab) within 8 weeks before surgery and had undergone intestinal resection for active UC (n 5 34) or CD (n 5 36) were included (BIO group). The control group comprised 70 patients without exposure to biologics, selected based on 5 matching criteria: IBD subtype (UC vs CD), age (#40 vs .40 years), disease severity at surgery (moderate vs severe), surgical approach (open vs laparoscopic), and main surgical procedure (e.g., total colectomy and small bowel resection). Only operations performed by the lead author of this article (T.Y.) were included. Patients with inadequate data for analysis were excluded.
Surgical technique and strategy
Laparoscopic approach was undertaken whenever possible, but it was avoided in patients with a large inflammatory mass, dense adhesions, markedly thickened mesentery and bowel, acute enteric fistulas, severe abscesses, and multiple previous abdominal operations. For patients with UC and extensive Crohn's colitis, hand-assisted laparoscopic surgery is a common practice. In all patients with UC, ileostomy was constructed following colectomy or proctocolectomy. In patients with CD, the choice of anastomotic technique depended on the site of anastomosis, diameter of the bowel ends, rigidity, thickening of the bowel wall, contamination, and equipment.
Postoperative complications occurring within 30 days after surgery were analyzed in this study. The presence or absence of postoperative complications was prospectively assessed in all patients. In cases of unexplained fever or abdominal tenderness, imaging, including computed tomography and/or contrast x-ray, was undertaken to detect any anastomotic leak or intra-abdominal abscess. Infectious complications were defined as anastomotic leak confirmed radiologically, intra-abdominal abscess, enterocutaneous fistula, or wound infection.
Potential predictive factors for postoperative complications
The following parameters were assessed as potential predictors of postoperative complications in addition to preoperative biologic therapy and nutritional status: IBD subtype (UC vs CD), age #40 vs .40 years, sex, disease duration (#45 vs .45 months), disease severity at surgery (moderate vs severe), CD profile (perforating vs nonperforating), preoperative (within 8 weeks before surgery) corticosteroids (prednisolone), immunosuppressants (cyclosporine, tacrolimus, azathioprine, or 6-mercaptopurine), surgical approach (open vs laparoscopic), and type of anastomosis (handsewn vs stapled technique). The severity of disease activity in patients with UC was defined as moderate: UC Disease Activity Index (23) score 6-9 or severe UC Disease Activity Index score 10-12. Likewise, in patients with CD, disease activity was evaluated by the CD Activity Index (CDAI) score (24) . Moderate activity was defined as 220 # CDAI , 450 and severe activity as CDAI $ 450. Perforating disease was defined as intestinal perforation, abscess, and internal or external fistula based on findings at laparotomy (25) . Our hospitalized patients are usually given enteral nutrition (EN) if available or total parenteral nutrition (TPN) during medical treatment for moderate or severe IBD. Poor nutritional status at surgery was defined as the presence of at least one of the following criteria: weight loss .10%-15% within 6 months, body mass index (BMI) ,18.5 kg/m 2 , Subjective Global Assessment (SGA) Grade C, or serum albumin ,30 g/L (with no evidence of hepatic or renal dysfunction), according to the European Society for Parenteral and Enteral Nutrition guidelines (26) . In our center, the nutritional status before surgery was routinely evaluated in patients with IBD; therefore, the nutritional data were available in all of patients in this study.
Statistical analysis
Comparisons of frequencies were made by applying the x 2 test. Differences between median values were compared by the MannWhitney U test. To identify factors affecting the incidence of postoperative complications, both univariate (x 2 test) and multivariate (multiple regression) analyses were performed. The Bonferroni adjustment was applied for multiple comparisons. P , 0.05 was considered statistically significant.
RESULTS
Patients' baseline demographic variables
The relevant baseline demographic features of the 140 patients included in this study are presented in Table 1 . In the BIO group, 52 patients (74%) had received infliximab, and 18 (26%) had received adalimumab within 8 weeks before surgery. The disease severity at surgery was moderate in 52 patients (74%) and severe in 18 patients (26%) in each group. Median age at surgery, sex, median disease duration, extent of UC, and location and CD profile were not significantly different between the 2 groups in all comparisons (P . 0.05).
Forty-six patients (66%) in the BIO group and 43 (61%) in the control group were receiving corticosteroids within 8 weeks before surgery. Most patients with UC were on corticosteroids. The proportion of patients receiving corticosteroids was not significantly different between the 2 groups (P 5 0.60). Thirty-seven patients (53%) in the BIO group and 26 (37%) in the control group were receiving immunosuppressive drugs (tacrolimus and/or azathioprine). However, tacrolimus was given only to patients with UC. The proportion of patients with preoperative immunosuppressive therapy was higher in the BIO group, but the difference was not statistically significant (P 5 0.06). In each group, open and laparoscopic approaches were used in 25 (36%) and 45 (64%) patients, respectively. The type of anastomosis (handsewn vs stapled) was not significantly different between the 2 groups (P 5 0.41).
Regarding preoperative nutritional status, in the BIO group, 16 patients fulfilled the criterion for weight loss .10%-15% within 6 months, 12 patients for BMI ,18.5 kg/m 2 , 21 patients for SGA Grade C, and 28 patients for serum albumin ,30 g/L ( Figure 1 ). Many patients fulfilled more than 1 criterion. Likewise, in the control group, 15 patients fulfilled the criterion for weight loss .10%-15% within 6 months, 10 patients for BMI ,18.5 kg/m 2 , 17 patients for SGA Grade C, and 20 patients for serum albumin ,30 g/L ( Figure 1 ). Many patients fulfilled more than 1 criterion. Overall, preoperative poor nutritional status was observed in 30 patients (43%) in the BIO group and 23 patients (33%) in the control group (P 5 0.22).
Surgical procedures
Major surgical procedures used in the 140 patients of this study are presented in Table 2 . In UC, ileal pouch-anal anastomosis was constructed in 23 of 34 patients with UC (68%). In CD, the most common procedure was ileocolonic resection (including ileocecal resection), which was performed in 23 of the 36 patients with CD (64%). Seven patients in the BIO group and 10 in the control group underwent synchronous procedures for CD ( Table 2) . The proportion of patients who had synchronous procedures was similar between the 2 groups (19% in the BIO group vs 28% in the control group, P 5 0.41).
Incidence of postoperative complications
Postoperative complications observed within 30 days after surgery are listed in Table 3 . Several patients developed multiple complications. The rates of infectious and overall complications were 16% and 24% in the BIO group and 14% and 23% in the control group, respectively (BIO vs control: infectious complications, P 5 0.81; overall complications, P 5 0.84). The incidence of postoperative complications based on the IBD phenotype in each group is presented in Figure 2 . The rates of infectious and overall complications were not significantly different between patients with UC and CD in either group.
Preoperative nutritional status and postoperative outcomes
The impact of preoperative nutritional status on the incidence of septic and the overall complications in the BIO and the control groups is shown in Figure 3 . In the BIO group, poor nutritional status significantly increased the risk of infectious complications (27% vs 8% without poor nutritional status, P 5 0.03). In the control group, the incidence rate of infectious complications was higher in patients with poor nutritional status (22% vs 11% without poor nutritional status, but did not reach the significance level (P 5 0.21). These findings were confirmed in subgroup analyses based on the IBD phenotype (UC and CD, Figure 3) . These results showed that the risk of postoperative infection in malnourished patients is increased by preoperative biologic therapy. The rates of overall complications were higher in the patients with poor nutritional status vs those without poor nutritional status, but not significantly; BIO group, 33% vs 18% (P 5 0.13); control group, 35% vs 17% (P 5 0.09).
Impact of other parameters on postoperative complications
In both groups, the incidence rate of infectious complications tended to be higher in patients with preoperative corticosteroids therapy compared with patients who had not received corticosteroids before In the BIO group, the incidence of infectious complications was significantly higher in patients with poor nutritional status than in those with normal nutritional status (27% vs 8%, P 5 0.03). In the control group, the incidence of infectious complications was nonsignificantly higher in patients with poor nutritional status than in those with normal nutritional status (22% vs 11%, P 5 0.21). These findings were confirmed in subgroup analyses based on the IBD subtype (UC and CD). P values: poor nutritional status vs normal nutritional status. CD, Crohn's disease; IBD, inflammatory bowel disease; UC, ulcerative colitis.
To identify factors affecting the incidence of infectious and overall postoperative complications, multivariate analysis was performed (Table 4 ). All 140 patients in both BIO and control groups were included in the analysis. Preoperative poor nutrition and corticosteroid therapy were independent significant risk factors for both infectious and overall complications. In contrast, biologic therapy before surgery did not significantly affect the incidence of infectious or overall complications.
DISCUSSION
This study indicated that exposure to biologic agents before surgery did not significantly increase the risk of complications in patients with IBD after surgery. In contrast, preoperative biologic therapy in patients with poor nutrition significantly increased the incidence rate of infectious complications. Nonetheless, without exposure to biologic agents, the risk of postoperative infection was slightly increased in poorly nourished patients. Therefore, it would appear that the detrimental effects of poor nutrition on postsurgical outcomes are enhanced in patients who have received biologic therapy preoperatively. Biologic therapy alone did not markedly impair surgical outcomes, but its combination with malnutrition resulted in significant negative outcomes. To our knowledge, this is the first study to rigorously evaluate the impact of preoperative nutritional status on the surgical outcomes in patients with IBD in the era of biologics. This study has several strengths. First, 2 groups with and without exposure to biologic agents were well matched with respect to surgical procedures and other relevant factors including IBD phenotype, age, and disease severity. Therefore, in this casecontrol study, the effects of major confounding variables were largely reduced, and the impact of biologic therapy and nutritional status could accurately be assessed. Second, all operations in this study were performed by a single surgeon (T.Y.). This should have ensured that the impact of biologics or nutritional status on the overall postsurgical outcomes is not compromised by different surgical skills. Third, postoperative complications were prospectively and rigorously assessed with our standardized protocols in all patients. Likewise, nutritional status was prospectively evaluated according to the European Society for Parenteral and Enteral Nutrition guidelines (26) .
It has been reported that measuring albumin levels may be a relevant attempt to diagnosis malnutrition (27, 28) . Therefore, in this study, serum albumin ,30 g/L was taken as 1 independent criterion for poor nutritional status. However, it may be argued that albumin is an acute-phase reactant, and its levels are decreased under certain conditions including inflammation and severely active IBD (29) . This could mean that a low albumin level may not always imply malnutrition. Accordingly, in the present study, none of the patients in either group was diagnosed to show poor nutritional status solely based on low albumin levels.
Several meta-analyses (30) (31) (32) (33) (34) (35) (36) (37) (38) have evaluated the impact of preoperative biologic therapy on the surgical outcomes in patients with IBD. Based on the outcomes of these meta-analyses, the use of biologic agents before surgery modestly seemed to increase the risk of overall complications, particularly infectious complications after abdominal surgery for active IBD. However, the effects of confounding factors including preoperative nutritional status and the use of corticosteroids were not fully assessed. Furthermore, before the biologic era, a number of large studies (39, 40) reported that preoperative poor nutritional status, corticosteroid therapy, and the presence of perforating disease (abscess or fistula) were significant risk factors for intra-abdominal infectious complications in patients with CD. In the present study, 64% of the patients were on corticosteroids preoperatively, within 8 weeks before surgery. Preoperative use of steroids was a significant independent risk factor for both infectious and overall complications in the multivariate analysis. However, the relationship between the adverse effects of steroids and the exposure to biologics was unclear. Among the patients of this study, 45% were receiving immunosuppressive medications (tacrolimus and/or azathioprine) before surgery. The preoperative use of immunosuppressants did not affect the incidence of infectious or overall complications. Therefore, our study indicated that preoperative immunosuppressive or biologic therapy might not significantly increase the risk of postoperative complications in patients with IBD. Furthermore, in this study, there was no significant association between the CD profile (perforating vs nonperforating) and the incidence of postoperative complications, but the number of patients (perforating disease 37 vs nonperforating disease 35) included for analysis might have been small. The impact of surgical procedures (open vs laparoscopic approach and handsewn vs stapled anastomosis) was also evaluated, but these factors did not significantly affect the incidence of postoperative complications. In fact, this study was not designed to rigorously evaluate the effects of surgical procedures. Two randomized controlled trials (RCTs) (41, 42) compared the short-term outcomes after open and laparoscopic ileocolonic resection for CD. One RCT (41) reported that the incidence of minor complications (ileus, wound infection, incisional hernia, and pneumonia) was significantly lower after laparoscopic resection (13% vs 28%). In the other RCTs (39), the rate of overall complications was significantly lower after laparoscopic resection (10% vs 33%). Regarding anastomotic techniques, a meta-analysis (43) found that side-to-side anastomosis was significantly associated with fewer anastomotic leaks and the overall postoperative complications compared with end-to-end anastomosis after resection for CD.
Schwartz (44) performed a literature review looking for the impact of perioperative parenteral nutrition (PN) on postoperative complications, disease severity, and nutrition status in adults with IBD. This review suggested a general trend toward improvements in postoperative outcomes, disease severity, and nutrition status associated with perioperative use of PN. Recently, a meta-analysis (45) was conducted to assess whether preoperative EN or TPN decreases the incidence of complications after surgery for CD. Five studies including a total of 1,111 patients with CD were evaluated. The incidence of postoperative complications in patients receiving preoperative EN or TPN was 20% vs 61% in those receiving standard care without nutritional support. These studies (44, 45) suggested that preoperative nutritional therapy was associated with a lower risk of complications after surgery for IBD. EN is the preferred nutritional support when the gastrointestinal tract is accessible and functional. In contrast, PN may be a suitable alternative when the EN is not feasible. In our opinion, these suggestions should be interpreted with reservations in the absence of sound evidence. Long-term nutritional therapy before surgery often worsens patients' general conditions and increases the risk of serious postoperative complications when medical therapy is not effective. In nonresponders to medications, early surgery should be indicated rather than prolonged nutritional therapy. Iesalnieks et al. (46) reported that delaying surgery was associated with poor postoperative outcomes in 197 patients undergoing 231 bowel resections for perforating Crohn's ileitis. A longer duration of preoperative clinical deterioration significantly increased the size of the inflammatory mass, incidence of preoperative weight loss, and intake of immunosuppressants and multiple-drug combination, leading to increased postoperative complications. Our previous study (47) also showed that long time to surgery increased postoperative complication rates in elective CD intestinal resections.
The timing of surgery is critical and should not be delayed because delaying surgery for nonresponders to medical therapy may lead to an increased risk of postoperative complications (46, 47) . This emphasizes the importance of having a time-bound approach with both medical and surgical teams monitoring patients closely for decision making. The present study supports this policy because impaired nutritional status during ineffective biologic therapy significantly increases the risk of infectious complications postoperatively.
Our study has certain limitations. First, both patients with UC and CD were included, and different types of operations were undertaken. Second, in this study, multiple drugs (infliximab or adalimumab as a biologic and azathioprine or tacrolimus as a immunosuppressant) were used. Accordingly, the impact of a single agent on surgical complications was not assessed. Finally, serum drug levels for biologics were not measured. In light of these limitations, we believe that further well-designed studies in larger cohorts of patients should strengthen our findings.
In conclusion, our study indicated that in patients with IBD, poor nutrition increases the risk of infectious complications after surgery. In addition to poor nutrition, preoperative biologic therapy may increase the risk of infectious complications after surgery. Prolonged biological therapy impairs patients' nutritional and immunological status and then increases the risk of infectious complications after surgery. The timing of surgery is an important issue, particularly in poorly nourished patients who might be experiencing loss of response to biologics. These are novel and clinically relevant findings, which should support better treatment outcomes.
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